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Introduction
The Savannah River National Laboratory (SRNL) and the Pacific Northwest National Laboratory (PNNL) were tasked to jointly coordinate the engagement of the broader national laboratory community to solve technological challenges in initiative areas related to the Hanford tank wastes program. One of the focus areas was Waste Feed Acceptance and Product Qualification. Working with the Department of Energy -Office of River Protection (DOE-ORP) and Hanford contractor personnel, the laboratories completed a preliminary assessment of the technology gaps and potential areas for improvement in this area earlier in the fiscal year. Technical report, SRNL-STI-2012-00776/PNNL-22116, 1 , was issued to document this assessment. The use of rheological modifiers as a potential means for altering the rheological properties of Hanford wastes was identified in this gap assessment. The Hanford Tank Waste Treatment and Immobilization Plant (WTP) Pretreatment facility currently has a very low rheology limit (yield stress and consistency) in the WAC for WTP transfers from the Tank Farm to the Pretreatment facility. To meet this limit, rheological modifiers may be necessary and must be effective in high pH environments. Even if the limit is increased, rheological modifiers may still be necessary depending on the properties of some of the Hanford wastes or they may provide a more attractive option than dilution through water addition.
In an April meeting between DOE-ORP, the Hanford contractors, and the laboratories, the laboratories were requested to recommend candidate rheology modifiers to be evaluated for use in the Hanford Tank Farm. The work scope is described in a SRNL Task Technical & Quality Assurance Plan. 2 SRNL has performed extensive testing of rheology modifiers for use with Defense Waste Processing Facility (DWPF) simulated melter feed -a high undissolved solids (UDS) mixture of simulated Savannah River Site (SRS) Tank Farm sludge, nitric and formic acids, and glass frit. [3] [4] [5] [6] A much smaller set of evaluations with Hanford simulated tank waste has also been completed (simulated Hanford tanks AZ-101 and AZ-102, some samples pretreated with a Cs ion exchange resin). 5, 7, 8 A review of available literature and data has been performed for applicability to Hanford tank waste conditions. Evaluated simulated wastes ranged from slightly acidic to pH 12. This report summarizes past work and recommends modifiers for further evaluation with Hanford simulated wastes.
Methodology
Available literature on the effect of rheological modifiers on Savannah River Site and Hanford simulated wastes were reviewed. [3] [4] [5] [6] 8 Evaluations of modifiers at elevated temperatures was published, 4 but those results are not considered in this report as the conditions of interest were ambient temperature. A spreadsheet of the available results was created (see Appendix A). In these reports, three main categories of samples were evaluated: DWPF simulated melter feed, DWPF simulated Sludge Receipt and Adjustment Tank (SRAT) product (i.e., chemical processed feed), and Hanford simulated waste. A summary description of these categories is presented in Table 2 -1. For most of the studies, rheological measurements (specifically yield stress) of samples with modifier were compared to results with no modifier. Samples and modifiers which resulted in a 10% or greater decrease in yield stress were screened. That is, if a modifier did not decrease yield stress by at least 10% in any evaluation, it was removed from this evaluation. Examples of modifiers that did not meet this criterion are antifoams, which are typically used in processing to mitigate foaming. The results of this screening are presented in Table 2 -2. Included in the table are brief descriptions of the modifiers. Excerpts from the source reports, with more detailed descriptions, are given in Appendix B. Over 90 percent of the remaining data for screening involved DWPF simulated melter feed. 
Discussion of Available Data
A review of several rheology modifier reports was completed and a screening of the effectiveness and potential applicability was completed. Based on this review, polyacrylic acid appeared to be most applicable for use with Hanford wastes. This modifier had positive impact on rheology for Hanford simulated waste and the relatively higher insoluble solids DWPF simulated melter feeds. Citric acid should also be investigated. Results with Hanford simulated waste with citric acid are comparable to the results with polyacrylic acid. Most tests with DWPF simulated melter feed and citric acid showed improvement in yield stress. For both modifiers, good results (greater than 40% reduction in yield stress) were observed with additions of less than 10,000 ppm (or 1%). Note that simple dilution of a sample with water will decrease yield stress, but added water will ultimately need to be removed. Thus, a low concentration of modifier is desirable.
Both polyacrylic and citric acids are weak acids and may impact pH and dissolution of UDS of caustic tank waste. Both acids are organic and may act as reductants in waste processing. These potential impacts must be addressed in future studies. The only non-organic modifier evaluated was sodium metasilicate. Further evaluation of this modifier is recommended if a reducing modifier is a concern.
Following are excerpts and brief discussion of the conclusions from the referenced reports.
In a study of several rheology modifiers with Hanford simulated waste, results, citric acid and polyacrylic acid improved rheology:
7 "…it was found that weak acid-type modifiers are much more efficient. Among the weak acid-type modifiers, CA [citric acid] and PAA [polyacrylic acid] turned out to be two of the most efficient rheological modifiers, reducing yield stresses by about 70% at 5000 ppm."
From Hansen
3 : "The results from this testing indicate that citric acid or polycarboxylate based rheology modifiers are the most effective in reducing the yield stress, by as much as 70% at the higher rheology modifier additions and were effective on most of the tested simulants." In a continuation of this work, in 2011 4 : "The most effective rheology modifiers were the polyacrylic series of modifiers, reducing yield stress as much as 90%, but they did have one drawback, they made the SME [Slurry Mix Evaporator] product [i.e., melter feed] much more adhesive in appearance as compared to the other modifiers and baseline conditions." In these studies, all samples tested were DWPF simulated melter feed samples. The rheology modifiers are organic, hence they can also be considered reductants in melter operations. Some modifiers are also acids and may impact aspects of pretreatment (i.e., undesirable dissolution of metals or radionuclides).
From the Kay 5 and Stone 6, 8 studies which included Hanford simulated wastes, two modifiers decreased yield stress by more than 30% -Alcosperse 240, a polyacrylate, and Dolapix CE64, an ethylene glycol. In the Stone studies with DWPF simulants (both melter feed and SRAT product), 6 Dolapix CE64, and Disperse-Ayd W28, a polyacrylate showed greater than 30% improvement in yield stress. However, in another study with DWPF simulated melter feed, Dolapic CE64 increased yield stress. 3 Following are summaries of modifier results. More detailed results of the modifier tests can be found in Appendix A, and detailed modifier descriptions can be found in Appendix B.
3.1 ADVA Cast 555 ADVA Cast 555, an organic mixture (see Appendix B), was evaluated (16 tests) with simulated DWPF melter feed at concentrations from 1,000 to 16,000 ppm. 3 Yield stress decreased in most evaluations. Additions of greater than 10,000 ppm yielded greater than 50% reduction with several samples.
ADVA Flex
This modifier, a polycarboxylate, was tested with several DWPF simulated melter feed samples at concentrations from nominally 1,000 to 16,000 ppm. 3 Of the 15 tests, 6 had yield stress decreases of 50%. However, over 10,000 ppm of modifier was used for these results.
Alcosperse 240, 408, and 725
These modifiers, all polyacrylate based, were used at a concentration of 1,000 ppm with Hanford waste simulants. 8 With a total of 8 tests, one showed improvement of 2%, while the remaining samples ranged from 14 to 37%.
Citric Acid
Eighty runs of various DWPF simulated melter feed samples were completed with citric acid concentrations varying between 1,000 and 10,000 ppm. 3, 4 Of all the runs, 33 showed less than a 10% improvement or an increase in yield stress. Twenty-four runs showed improvement of greater than 30%. Greatest improvements in yield stress occurred at concentrations of 4,000 to 16,000 ppm citric acid. In a study with Hanford simulated waste, a decrease in yield stress of greater than 30% was observed with 1,000 ppm citric acid and a decrease of nearly 70% at a concentration of 5,000 ppm. 7 3.5 Cytec P35 and P70 The Cytec modifiers, both polyacrylate based, were evaluated with Hanford waste simulants at concentrations of 1,000 ppm. 8 In all cases (4 runs -2 simulants, 2 modifiers), yield stress improved between 4 and 30%.
3.6 Disperse-Ayd W-22 and W-28 These modifiers, both polyacrylate based, were tested with Hanford waste simulant, DWPF simulated melter feed, and DWPF simulated SRAT product. 5, 6 Twelve samples were evaluated with concentrations between 500 and 9,000 ppm. Yield stress was impacted positively in most cases with concentrations of 2,000 ppm or greater. Of the seven samples with 1,000 ppm or less addition, only one had a decrease in yield stress of greater than 10%.
Dolapix A88
This modifier, an organic mixture (see Appendix B), was tested with DWPF simulated melter feed. 3 Of the 13 tests, only 2 showed a decrease of greater than 10% in yield stress, while yield stress increased significantly with 10 evaluations. Concentrations ranged from 800 to 10,000 ppm. As modifier concentration increased, yield stress increased.
Dolapix CE64
This modifier, a polyacrylate, was tested with 32 DWPF simulated SRAT product and melter feed samples at concentrations from 600 to 16,000 ppm. 3, 6 Yield stress showed improvement in approximately two thirds of the evaluations with no correlation to modifier concentration.
Dolapix PC75
This modifier, a synthetic polyelectrolyte, was evaluated 12 times with DWPF simulated melter feed at concentrations from 1,000 to 16,000 ppm. 3 Yield stress decreased in 8 of the evaluations. There was a slight correlation between yield stress improvement and modifier concentration.
3.10 Duramax D3005 This modifier, a polyglycol, was used with three Hanford simulated wastes and one DWPF melter feed sample at 1,000 ppm. 5, 8 The modifier reduced yield stress by more than 10% for the Hanford simulants, but significantly increased yield stress for the DWPF melter feed simulant.
Glycolic Acid
Glycolic acid was evaluated with 52 combinations of DWPF simulated melter feed at concentrations from 1,000 to 14,000 ppm. 4 Yield stress decreased by 10% in only 14 of the tests. It should be noted that glycolic acid is currently being considered as the replacement acid/reductant in DWPF processing. It has been shown to provide consistent reduction in the yield stress of sludge during the DWPF chemical processing and melter feed preparation steps, but at much higher concentrations than those evaluated in testing as a rheological modifier.
3.12 Polyacrylic Acid Polyacrylic acids at varying molecular weights and concentrations in the samples ranging between 900 and 14,000 ppm were evaluated with DWPF simulated melter feed (188 evaluations). 3, 4 A decrease in yield stress was observed in 161 of the tests. Reduction in yield stress also appears to correlate with concentration of modifier. In a study with Hanford simulated waste, yield stress decreased by over 50% as the modifier concentration was increased to 5,000 ppm. This polyacrylate based modifier was tested on two Hanford simulated wastes. 8 Yield stress decreased by 9 and 14%.
3.14 Recover® Recover®, an organic mixture (see Appendix B for composition), was evaluated 76 times at concentrations from 1,000 to 16,000 ppm with DWPF simulated melter feed. 3, 4 In 14 trials, yield stress either was not affected or increased.
3.15 Sodium Metasilicate Sodium metasilicate was evaluated four times with DWPF simulated melter feed at concentrations from 1,000 to 10,000 ppm. 3 Yield stress improved in all four evaluations, from 3 to 19%.
Sodium Polyphosphate
This modifier was evaluated 13 times with DWPF simulated melter feed and Hanford simulated waste at 1,000 to 10,000 ppm. 3, 8 Yield stress improved in only three evaluations.
Sugar
Sugar was evaluated four times with DWPF simulated melter feed at concentrations from 1,000 to 10,000 ppm. 3 Yield stress improved in all four evaluations, from 2 to 17%.
Conclusions
Based on the limited data available, the weak acids polyacrylic acid and citric acid positively affected rheology of Hanford simulated wastes. These materials also showed improvement with relatively higher UDS DWPF simulated melter feed. The only non-organic modifier, sodium metasilicate also showed potential for decreasing yield stress.
Recommendations
It is recommended that both polyacrylic acid and citric acid be further evaluated as rheology modifiers for Hanford waste. These materials are weak organic acids with the following potential issues:
 The acidic nature of the modifiers may impact waste pH, if added in very large doses. If pH is significantly reduced by the modifier addition, dissolution of UDS and increased corrosion of tanks, piping, pumps, and other process equipment could occur. Smaller shifts in pH could reduce aluminum solubility, which would be expected to increase the yield stress of the sludge. Therefore, it is expected that use of an acidic modifier would be limited to concentrations that do not appreciably change the pH of the waste.  Organics are typically reductants and could impact glass REDOX if not accounted for in the reductant addition calculations.  Stability of the modifiers in a caustic, radioactive environment is not known, but some of the modifiers tested were specifically designed to withstand caustic conditions.  These acids will add to the total organic carbon content of the wastes. Radiolytic decomposition of the acids could result in organic and hydrogen gas generation.
These potential impacts must be addressed in future studies with simulants representative of real waste and finally with tests using actual waste based on the rheology differences seen between SRS simulants and actual waste. The only non-organic modifier evaluated was sodium metasilicate. Further evaluation of this modifier is recommended if a reducing modifier is a concern.
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